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Abstract

The Chukchi and Beawfort Seas include several important hydrological features, inflow of the Pacific water, Alaska coast current
{ACC), the seasonal to perennial sea ice cover, and landfast ice along the Alaskan coast. The dynamice of thie coupled ice-ogean sye-
tem lg important for both regional scale oceanography and large-scale global climate change ressarch. A number of moorings were de-
ploved In the area by JAMSTEC since 1992, and the data revealed highly variable characterigtice of the hydrological environment. A re-
glonal high-resolution coupled ice-ccean model of the Chukchi and Peaufort Seas was established to simulate the ice-ocean environment
and unique seasonal landfast ice in the coastal Beaufort Sea. The model resulie reproduced the Beanfort gyre and the ACC. The depth-
averaged annual mean ocean currente along the Beaufort Sea coast and shelf break compared well with data from four moored ADCPs,
but the sinmlated velocity had emaller standard deviations, which indicate emall-scale eddies were frequent in the region. The model re-
sults captured the seasonal variations of sea ice area as compared with remote sensing data, and the simulated sea ice velocity showed
an almost stationary area along the Beaufort Sea coast that was similar to the chserved landfast ice extent. It is the combined effects of
the weak oceanic current near the coast, a prevailing wind with an onshore component, the opposite direction of the ocean current, and

the blocking by the coastline that make the Peaufort Sea coastal aress prone to the formation of landfast ice.
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1 Introduction

The Chukchi and Beaufort Seas include the vast
Chukchi Sea shelf { =50 m depth), and the Beaufort
Sea shelf and its extension to the basin (see Fig. 1).
The physical oceanography of the Chukchi and

Beaufort Seas is featured by seasonal to perennial sea
ice cover, and interactions of several important water
magses; the incoming warm and fresh Pacific water,
the cold and salty arctic surface water, and the Atlan-
tic intermediate water { Weingartner et al. , 2006;
Pickart et al. , 2005 ; Weingartner et al. , 1998). The
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moorings are shown in Table 1. Each mooring in-
cludes at least one full annual cycle of the hydrologi-
cal variables, such as CTD temperature and salinity,
and ADCP current data at several depth levels.
Large-scale sea — ice concentrations from the Nation-
al Snow and Ice Data Center’ s ( NSIDC) remote

gensing data measured by special sensor microwave/
imager { S3M/I, 20 km resolution) are interpolated
into our model grid for comparison. Monthly clima-
tology of the Beaufort Sea coastal landfast ice is from
Mahoney, Eichen, Gaylord et al. (2007 ) based on
their multiyear SAR observations and data analysis.

Table 1.  JAMSTEC mooring names, time interval, bottom depth, and ADCP instrument depth
Station name Time nterval Bottom depth/m Instrument depth/m
CBJ Sep. 1992 Jul. 1987 75 10 ~58
BFI Jul. 1838 Oct. 1969 132 82 ~126
BES Jul. 1898 Oct. 1999 513 101 ~230
MCY Cct. 1999 Oct, 2000 260 164 ~243

3 Coupled ice — ocean model

The coupled ice — ocean model { CIOM, Wang
et al. , 2003; Yao et al. , 2000) consists of a mul-
ticategory sea ice model { Hibler, 1980, 1979)
and the Princeton ocean model { POM, Mellor,
1996 ; Blumberg and Mellor, 1987 ). The CIOM
has been applied to the Pan-Arctic Atlantic Ocean
with a horizontal resolution of 27. 5 km ( Wang et
al. , 2005). The model was reconfigured for this
study, and the model domain  Fig. 1) was large
enough to include most of the circulation features in
the Chukchi and Beaufort Seas, such as the inflow
of North Pacific water from the Bering Strait, the
Beaufort gyre in the Canada Basin, and the intru-
sion of intermediate water from the North Atlantic
through open boundary fluxes. The open boundary
conditions of oceanic and sea ice fluxes are from a
coupled global ice-ocean model [ ( 1/6) ® meridio-
nal by (1/4)° zonal | by the Center for Climate
System Research { CCSR ), University of Tokyo
{ Holloway et al. , 2007 ; Watanabe et al. , 2006).
This global model is one of the Intergovernmental
Panel on Climate Change ( IPCC) models. The
transport through the Bering Strait was also modified

with the observational data by Woodgate et al.
(2006, 2005b), and the total transport along all
open boundaries were adjusted accordingly to reach
a balance at each time step.

To resolve the important coastal current and ed-
dy activities along the shelf break of the Beaufort Sea
{ Manley and Hunkins, 1985), the coupled ice-
ocean model was configured with a high resolution to
simulate the ice and ocean dynamics. The horizontal
resolution of {1/28)° by (1/8)° (3.9 km in me-
ridinal direction and 3.8 ~ 5.6 km in zonal direction
from the north to the south boundaries) is less than
the first baroclinic Rosshy radius of deformation of
about 21. 5 km { Shaw and Chao, 2003) in the re-
cion. Tidal current is not included in this study, be-
cause the Beaufort Sea tidal current is very weak (as
shown later from the ADCP data), on the order of 1
cm/s or less in most regions, much less than other
Beaufort Sea coastal and wind-driven currents.

The model runs from 1990 to present with daily
atmospheric forcing data { wind, air temperature, air
specific humidity, and precipitation) from the Na-
tional Center for Environmental Protection ( NCEP)
reanalysis data set, following Wang et al. (2005).
Initial temperature and salinity are interpolated from

the Polar Science Center hydrographic climatology
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enough to touch the seafloor. Therefore parameter-
ization of those small-scale dynamics is necessary to
inchide the mechanism in the ice — ocean models.

S  Summary

The Chukchi and Beaufort Seas include the n-
teractions of several important water masses: the in-
coming warm and fresh Pacific water, the cold and
salty arctic surface water, and the Atlantic interme-
diate water. The current system in the Beaunfort Sea
is strongly shaped by these water masses. The ACC
was strong at the Barrow Canyon, but after it turned
into the Beaufort Sea, the ACC was weakened and
became unstable under the influence of the Beaufort
gyre and the prevailing wind in the opposite direction
of the ACC. The observed oceanic current revealed
low-energy and high-frequency small-scale activities
in the Beaufort Sea. The seasonal vanations of the
current were also high, and the annual mean oceanic
current at the BFK and the BFS on the shelf break
were at the same level or less than their standard de-
viation.

The combined effects of the ocean cumrent,
wind, and coastline made the Beaufort Sea coast
prone to the formation of the landfast ice. High reso-
Iution 1s essential to simulate this ice ocean condition
along the Alaskan coast. Some mechanisms, such as
ridges formed by the convergence and shear of dnf-
ting ice, have heterogeneous scales in different di-
rections and are too narrow in width for the current
sea ice model to resolve. Thus, further parameteriza-
tion of those small-scale dynamics is necessary in the
future to include the mechanism in the ice — ocean

models.
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